s ABSTRACT
Therapy with nonselective nonsteroidal anti-inflammatory drugs (NSAIDs) has long been the cornerstone of pharmacologic management of patients with osteoarthritis (OA) and rheumatoid arthritis (RA). Many patients with OA or RA, however, are at increased risk of developing clinically significant adverse events associated with NSAID therapy, particularly upper gastrointestinal (GI) complications including symptomatic and complicated ulcers. The introduction of cyclooxygenase (COX)-2-selective inhibitors (coxibs) represents a major advance in the pharmacologic approach to the signs and symptoms of arthritis. In addition to the first two members of this class, celecoxib and rofecoxib, other coxibs have been introduced or are in development (valdecoxib, etoricoxib) . In numerous clinical trials, coxibs have been shown to be as effective as nonselective NSAIDs in relieving pain and inflammation associated with OA and RA, and notably, with a significantly lower risk of NSAID-type adverse events. The use of coxibs to treat OA and RA is recommended as first-line therapy when symptoms of pain and inflammation are present in patients vulnerable to potential NSAID-associated GI toxicity.
A ffecting nearly 43 million Americans, arthritis is one of the most prevalent diseases and major causes of disability in the United States. 1 By the year 2020, it is estimated that more than 18% of adults in America will have some form of arthritis. 2 Rheumatoid arthritis (RA) is a systemic disease marked by inflammatory changes in synovial membranes and articular structures that lead to widespread degeneration of collagen fibers and destruction of bony structures. Osteoarthritis (OA) is believed to be caused by a combination of abnormal biomechanical stresses on the joint and abnormal biochemical and metabolic changes in the chondrocyte and articular cartilage. Unlike RA, when OA inflammation is present, it is usually mild and localized to the affected joint. Nevertheless, proinflammatory cytokines play a pivotal role in the development of OA disease. 3 The disease process in OA affects the entire joint
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and can result in inflammatory changes in the synovium similar to those of RA. These manifest as joint stiffness, loss of physical mobility, and occasionally as joint swelling or redness. 3 Synovial inflammation may be present in early stages of OA, but it is more often seen in advanced stages. OA joint pain, however, does not correlate with histologic evidence of joint inflammation. 4 Most patients with arthritis are treated by primary care physicians. Therapy for OA is largely palliative, aimed at increasing physical function by relieving joint pain and reducing inflammation. 5 Control of systemic inflammation and prevention or slowing of disease progression are additional treatment goals in patients with RA. While no pharmacologic agents have been shown to prevent or delay the progression of structural damage in OA, disease-modifying antirheumatic drugs (DMARDs) appear to have the capacity to alter the clinical course of RA. 6, 7 Because of their analgesic and anti-inflammatory effects, nonsteroidal anti-inflammatory drugs (NSAIDs) are the class of medication most commonly used to treat joint pain and stiffness in patients with OA and RA. 4, [8] [9] [10] Nonselective NSAIDs inhibit the isozymes of cyclooxygenase (COX), COX-1 and COX-2. (See articles by Bingham and Cronstein in this supplement.) Preclinical studies strongly suggest that inhibition of COX-2 is primarily responsible for many of the therapeutic benefits of NSAIDs, while inhibition of COX-1 can lead to toxic effects. 8, 11, 12 For this reason, the American College of Rheumatology (ACR) recently recommended replacing nonselective NSAID therapy with therapy with a coxib agent, a COX-2-selective inhibitor, when treating a patient with OA at increased risk of developing an NSAIDrelated toxicity. 5 Patients with OA or RA at increased risk of developing NSAID-related gastrointestinal (GI) toxicities include those who are older (65 years of age and above), have a history of a prior symptomatic or complicated ulcer, require chronic high-dose NSAID therapy, or take concomitant corticosteroid or anticoagulant therapy. 4, 5, [13] [14] [15] The introduction of coxibs represents one of the most rapid development programs of a pharmacologic agent in rheumatology. The first two coxibs, celecoxib and rofecoxib, were approved for use in the United States only a few years after COX-2, the inducible form of COX, was first identified 16 and its pathogenic role in pain and inflammation proposed. 17 An aggressive program of clinical trials rapidly followed and provided the evidence-based proof of coxib efficacy in managing the signs and symptoms of OA and RA required by the regulatory approval process.
s OUTCOME MEASURES IN ARTHRITIS CLINICAL TRIALS
Clinical trials of pharmacologic agents in OA or RA employ several measures of efficacy recommended by Outcome Measures in Rheumatoid Arthritis Clinical Trials (OMERACT), a group endorsed by the International League of Associations of Rheumatology (ILAR) and the World Health Organization (WHO). These outcome measures are designed to detect minimal clinically significant changes in the severity of joint pain or physical disability associated with OA or RA. 18, 19 Many of these instruments, such as the Patient
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The efficacy of coxibs in the treatment of osteoarthritis Celecoxib, rofecoxib, and valdecoxib are approved for the treatment of OA in the United States.
The efficacy of celecoxib 100 mg twice daily, 200 mg once daily, and 200 mg twice daily in OA is comparable to that of diclofenac 50 mg three times daily and naproxen 500 mg twice daily and significantly superior to placebo.
The efficacy of rofecoxib 12.5 mg once daily and 25 mg once daily in OA is comparable to ibuprofen 800 mg three times daily, nabumetone 1,500 mg once daily, and diclofenac 50 mg three times daily and significantly superior to placebo.
In direct comparisons in OA patients, rofecoxib 25 mg when given once daily in the morning was significantly more effective than celecoxib 200 mg once daily or acetaminophen 1,000 mg four times daily.
The efficacy of valdecoxib 5 mg once daily, 10 mg twice daily, or 10 mg once daily in OA is comparable to naproxen 500 mg twice daily and superior to placebo.
Etoricoxib 60 mg once daily and 90 mg once daily are significantly more effective than placebo and comparable to naproxen 500 mg twice daily in the treatment of OA.
COX-189, an experimental coxib, 50 mg, 100 mg, 200 mg twice daily or 400 mg once daily, provides relief of OA symptoms comparable to diclofenac SR 75 mg twice daily and is significantly superior to placebo.
Assessment of Pain, require evaluation by the patient. The sensitivity and reliability of these selfreport measures have been validated by comparative and radiographic studies. [20] [21] [22] [23] One commonly utilized self-rating scale is the visual analog scale (VAS), a continuous numerical scale that ranges from 0 mm, indicative of the best outcome (eg, no pain), to 100 mm for the worst outcome (eg, extreme pain). Another scale often employed in quantifying patient or physician global assessment of disease activity is the Likert scale, a 5-point scale in which 0 designates the best outcome and 4 designates the worst outcome. Minimal clinical significance is generally considered a Likert scale change of at least 0.4 units. 24 Either the VAS or Likert scale can be used to quantify a patient's status following therapeutic intervention. Many recent OA clinical trials employ the Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC). 18, 25 The WOMAC OA Index is composed of 24 items in three subscales that evaluate pain (five questions), physical function (17 questions), and stiffness (two questions). 23, 26 Minimal clinically significant change is considered a decrease of 9.7, 9.3, and 10 mm, respectively, in the WOMAC pain, physical function, and stiffness subscales (VAS). 24 The Lequesne Algofunctional Index, graded on a composite scale ranging from 0 to 24, with lower scores indicating better condition, is an outcome instrument commonly employed in clinical trials of hip or knee OA conducted in Europe. 26, 27 The common outcome measure used in RA trials is the ACR 20. 28 The ACR developed a binary outcome measure of response based on the seven items in the ILAR/WHO core set. These include the number of painful/tender and swollen joints determined by physical examination, the duration of morning stiffness, patient and physician global assessment of disease activity, severity of pain, a measure of physical disability (eg, Health Assessment Questionnaire [HAQ]), and a measure of an acute-phase reactant (eg, the erythrocyte sedimentation rate or C-reactive protein). To achieve an ACR 20 response, the patient must have at least a 20% improvement in the number of painful/tender and swollen joints as well as an improvement of 20% or more in three of the remaining five outcome measures. While originally developed for use in randomized placebo-controlled trials of DMARDs, the ACR 20 is now widely used in trials of NSAIDs, including COX-2-selective inhibitors.
With few exceptions, all clinical trials of coxib efficacy in OA or RA to date were designed to establish efficacy in patients who had been previously treated with an NSAID and who had experienced a "flare" in symptoms after discontinuing NSAID therapy shortly before study enrollment.
(For further discussion of the "withdrawal flare" trial design, see Scott-Lennox et al, 2001 29 ). When an NSAID was the active comparator, the higher antiinflammatory dose of NSAID was generally employed. Most of these coxib trials were shortterm, conducted for 6 or 12 weeks. The exceptions were two long-term studies, of 52 weeks' duration, in OA patients comparing rofecoxib with diclofenac, 11, 30 and one 24-week study comparing celecoxib with diclofenac SR in patients with RA. 31 Two studies of the new coxib, etoricoxib, include a 46-week study versus diclofenac in OA patients 32 and a 52-week study comparing etoricoxib with naproxen in OA patients. 33 (See Tables 1 and 2 for trial summaries.)
s CLINICAL TRIALS OF COXIBS IN OA
Celecoxib
The first published trial of a coxib was a 2-week, placebo-controlled, dose-ranging study of celecoxib 40 mg, 100 mg, or 200 mg twice daily in 293 patients with OA of the knee. Although all three doses demonstrated clinical improvement, only the two higher doses maintained mean improvements significantly greater than with placebo (P ≤ .048). 8 Another study, conducted in 1,003 patients with OA of the knee, was reported the following year. In this 12-week trial, clinical improvements with celecoxib 100 mg or 200 mg twice daily were greater than with celecoxib 50 mg twice daily and comparable to naproxen 500 mg twice daily. Mean measures of efficacy with celecoxib 100 mg or 200 mg twice daily or naproxen 500 mg twice daily were significantly superior to outcomes with placebo (P ≤ .05). 34 Another placebo-and active-comparator controlled study of celecoxib in OA involved 600 patients with OA of the knee who were treated for 6 weeks with celecoxib 100 mg twice daily, diclofenac 50 mg three times daily, or placebo. Mean improvements with celecoxib or diclofenac were comparable and significantly superior to outcomes with placebo (P < .001). 35 A 6-week, placebo-controlled study compared treatment with celecoxib 100 mg twice daily to Etoricoxib Placebo (n = 123) 8 weeks Etoricoxib 90-mg and 120-mg 10 mg QD (n = 78) regimens superior to placebo 60 mg QD (n = 126) in mean improvements in VAS pain, 90 mg QD (n = 134) global assessments, HAQ index (P < .05) 120 mg QD (n = 120) Melian et al 53 
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Etoricoxib Naproxen 12 weeks Etoricoxib superior to naproxen, 90 mg QD (n = 323) 500 mg BID (n = 170) placebo in mean improvements Placebo (n = 323) in HAQ index; number tender, swollen joints; percent improved by ACR 20 criteria (P < .05)
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celecoxib 200 mg once daily in 718 patients with OA of the knee. Both regimens achieved comparable outcomes (P < .05). 26 In a recent 12-week study designed to examine safety, 13,194 patients with OA of the knee, hip, or hand were treated with celecoxib 100 mg or 200 mg twice daily, naproxen 500 mg twice daily, or diclofenac SR 50 mg twice daily. Mean improvements with either regimen of celecoxib were comparable to those achieved with diclofenac or naproxen. 36 
Rofecoxib
Ten studies of the efficacy of rofecoxib in the treatment of OA have been reported to date.
Two phase II studies tested a range of rofecoxib dosages during a 6-week period. [37] [38] [39] In the first, the efficacy of rofecoxib 5 mg, 12.5 mg, 25 mg, or 50 mg once daily was compared with a placebo in 672 patients with OA of the hip or knee. 39 Mean improvements with rofecoxib at all doses were superior to those with placebo. The outcomes with rofecoxib 12.5 mg, 25 mg, and 50 mg once daily were superior to those seen with rofecoxib 5 mg once daily. The second study was conducted in 219 patients with OA of the knee treated with rofecoxib 25 mg or 125 mg once daily, or placebo. Both rofecoxib regimens demonstrated comparable efficacy, each resulting in significantly better responses than seen with placebo (P < .001). 37 Six phase III studies compared the efficacy of rofecoxib with a nonselective NSAID and/or placebo. Two 6-week trials enrolled patients with OA of the hip or knee who were treated with rofecoxib 12.5 mg or 25 mg once daily, ibuprofen 800 mg three times daily, or placebo. Mean improvements seen with rofecoxib were comparable to those with ibuprofen and significantly superior to those with placebo (P ≤ .009 and P < .001, respectively). 29, 40 Another 6-week trial compared the efficacy of rofecoxib 12.5 mg once daily with nabumetone 1,000 mg once daily or placebo in 1,042 patients with OA. In this study, the efficacy of rofecoxib was significantly superior to nabumetone (P < .05), and both treatments had greater efficacy than placebo (P < .001). 41 In an elderly population of 341 patients at least 80 years of age with OA of the hip or knee who were treated for 6 weeks with rofecoxib 12.5 mg or 25 mg once daily, nabumetone 1,500 mg once daily, or placebo, the mean improvements with rofecoxib were comparable to those with nabumetone and significantly superior to placebo (P < .05).
13
Two 1-year trials evaluated the efficacy of rofecoxib 12.5 mg or 25 mg once daily and diclofenac 50 mg three times daily in patients with OA of the knee or hip. The efficacy of both rofecoxib regimens was comparable to that with diclofenac.
11,30
Comparative trials of rofecoxib and celecoxib
Several phase IV studies comparing the efficacy of rofecoxib with that of celecoxib have been done. In one study, patients with OA of the knee were treated for 6 weeks with rofecoxib 12.5 mg or 25 mg once daily, celecoxib 200 mg once daily, or acetaminophen 1,000 mg four times daily; no rescue analgesics were allowed, and all medications given once daily were dosed in the morning. By all outcome measures, rofecoxib 25 mg once daily was significantly superior to acetaminophen. In addition, rofecoxib 25 mg once daily was significantly more efficacious than celecoxib 200 mg once daily as assessed by patient global assessment of response to therapy and by mean improvement on the WOMAC pain and stiffness scales. 42 A second, larger study involving 1,082 patients with OA evaluated rofecoxib 25 mg once daily, celecoxib 200 mg once daily, or placebo after 6 weeks of treatment; again, all medications were dosed in the morning. All outcome measures were significantly superior with rofecoxib than with celecoxib or placebo. 43 The efficacy of coxibs in the treatment of rheumatoid arthritis Celecoxib and valdecoxib are the only coxibs currently approved for the treatment of RA in the United States.
Celecoxib 200 mg twice daily or 400 mg twice daily is as effective as naproxen 500 mg twice daily in the treatment of RA.
Celecoxib 200 mg twice daily is as effective as diclofenac SR 75 mg twice daily in the treatment of RA.
Rofecoxib 25 mg once daily or 50 mg once daily is as effective as naproxen 500 mg twice daily in the treatment of RA.
Valdecoxib 10 mg once daily is as effective as naproxen 500 mg twice daily in the treatment of RA.
Etoricoxib 90 mg and 120 mg once daily is significantly more effective than placebo in the treatment of RA.
Etoricoxib 90 mg once daily is as or more effective than naproxen 500 mg twice daily in the treatment of RA.
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Such findings have clinical significance, bolstering their statistical significance. Another study, however, found the efficacy of celecoxib 200 mg once daily and rofecoxib 25 mg once daily in treating OA of the knee to be comparable (both were superior to placebo). 44 However, in this study, all medications were dosed once in the evening. These results are consistent with the half-life of each of the two agents.
The findings that the recommended dose of rofecoxib for the treatment of OA was significantly more effective than the recommended dose of celecoxib for the treatment of OA may be related to the fact that rofecoxib has a longer half-life compared with that of celecoxib. 45 It is likely that this results in clinically significant sustained relief of pain and stiffness throughout the day with rofecoxib when both drugs are dosed once daily in the morning.
Valdecoxib
Valdecoxib was recently approved in the United States for the treatment of OA at a dosage of 10 mg once daily, making it the third coxib available for that indication. The efficacy of valdecoxib in OA was shown in a 6-week, dose-ranging trial conducted in 642 patients with OA of the knee. Patients were treated with valdecoxib 10 mg either twice daily or once daily, 0.5 mg, 1.25 mg, 2.5 mg, or 5 mg twice daily; or naproxen 500 mg twice daily; or placebo. Maximum efficacy with valdecoxib was achieved with the 5 mg once daily, 10 mg twice daily, and 10 mg once daily regimens. These were comparable to naproxen and superior to placebo in all outcome measures. 47 
Etoricoxib
Currently under investigation, etoricoxib is a second-generation coxib that has demonstrated efficacy for the treatment of OA. A 6-week, dose-ranging study was conducted in 617 patients with OA of the knee. Treatment with etoricoxib 5 mg, 10 mg, 30 mg, 60 mg, and 90 mg once daily produced dosedependent efficacy that was superior to placebo and maximal at a dosage of 60 mg once daily (P < .05). Patients receiving either placebo or etoricoxib 5 mg or 10 mg once daily were then reallocated to treatment with etoricoxib 30 mg, 60 mg, or 90 mg once daily or diclofenac 50 mg three times daily for an additional 46 weeks. Etoricoxib 60 mg once daily or 90 mg once daily was more effective than 30 mg once daily in all outcome measures and comparable to diclofenac. 32 A second study of etoricoxib efficacy was conducted in 496 patients with OA of the knee or hip. In the initial phase of the trial, patients were treated with etoricoxib 60 mg once daily, naproxen 500 mg twice daily, or placebo for 12 weeks. Placebotreated patients were then reallocated to treatment with either etoricoxib 60 mg once daily or naproxen 500 mg twice daily for an additional 40 weeks. By all outcome measures, the efficacy of etoricoxib at week 12 was significantly superior to the outcomes with placebo, and at week 12 and week 52 was comparable to that of naproxen.
33
COX-189
A multinational, dose-ranging trial evaluated the efficacy of an experimental coxib, COX-189, in 583 patients with OA of the hip or knee. Patients were treated for 4 weeks with COX-189 400 mg once daily; COX-189 50 mg, 100 mg, 200 mg twice daily; diclofenac SR 75 mg twice daily; or placebo. The minimum effective COX-189 dosage was 50 mg twice daily. By both primary and secondary outcome measures, all regimens of COX-189 provided comparable efficacy to diclofenac and significantly better improvement than placebo (P < .05). 48 
s CLINICAL TRIALS OF COXIBS IN RA
Celecoxib
Celecoxib is approved for the treatment of RA in the United States. Efficacy of celecoxib was established in a dose-ranging study and two phase III trials. In a 4-week dose-ranging study, 330 patients with RA were treated with celecoxib 40 mg, 200 mg, or 400 mg twice daily, or placebo. Mean improvements with celecoxib 200 mg or 400 mg twice daily were significantly superior to placebo. 8 A 12-week phase III trial compared the efficacy of celecoxib 100 mg, 200 mg, or 400 mg twice daily with naproxen 500 mg twice daily or placebo in 1,149 patients with RA. Treatment with celecoxib 200 mg or 400 mg twice daily produced mean improvements comparable to those with naproxen and significantly superior to outcomes with placebo (P < .05). 12 In a second phase III study, 655 patients with RA were treated for 24 weeks with celecoxib 200 mg twice daily or diclofenac SR 75 mg twice daily. Mean improvements with celecoxib were comparable to outcomes with diclofenac. 
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Rofecoxib
The efficacy of rofecoxib in the treatment of RA has been studied, and a claim for use in RA is pending. In an 8-week dose-ranging trial, 658 patients with RA were treated with rofecoxib 5 mg, 25 mg, or 50 mg once daily, or placebo. Mean improvements with rofecoxib 25 mg or 50 mg once daily were significantly superior to the responses to placebo (P < .001). 15 Two phase III studies were conducted in approximately 2,000 patients with RA. In one study, participants were treated with rofecoxib 25 mg or 50 mg once daily, naproxen 500 mg twice daily, or placebo for 12 weeks. 49 In the other study, patients were treated with rofecoxib 12.5 mg or 25 mg once daily, naproxen 500 mg twice daily, or placebo for 12 weeks. 50 In all outcome measures, rofecoxib at doses of 25 and 50 mg once daily was comparable to naproxen and significantly superior to placebo (P < .05).
Valdecoxib
The recent approval of valdecoxib also includes its use for the treatment of RA at a dosage of 10 mg once daily. At this dosage, a 12-week study found the efficacy of this agent superior to placebo and similar to that of naproxen (500 mg BID) but with improved GI tolerability compared with naproxen. 
Etoricoxib
Etoricoxib is under investigation also for the treatment of RA. An 8-week dose-ranging study was conducted in 581 patients with RA. Patients were treated with etoricoxib 10 mg, 60 mg, 90 mg, or 120 mg once daily, or placebo. Etoricoxib 90 mg and 120 mg once daily were significantly superior to placebo in all outcome measures (P < .05). 52 Maximal improvement was noted with etoricoxib 90 mg once daily.
A 12-week study compared the efficacy of etoricoxib 90 mg once daily with naproxen 500 mg twice daily or placebo in patients with RA. Mean improvements in all primary and key secondary measures were significantly better with etoricoxib compared with naproxen or placebo (P < .05). 53 
s CLINICAL GUIDELINES FOR THE USE OF COXIBS
Celecoxib and rofecoxib, the first-generation coxibs, both demonstrate efficacy in OA and RA and have been included in the updated ACR recommendations for OA management. 54 Newer entrants to the coxib class, valdecoxib, etoricoxib, and others, will provide further treatment options whose value will be assessed after additional data are available. Simple analgesics, such as acetaminophen, are still recommended as first-choice agents for pharmacologic management of patients with OA. 5 An algorithm for the use of coxibs in patients with OA and RA is shown in Figure 1 . The guidelines recommend coxibs as an alternative to nonselective NSAIDs in patients at risk of developing GI toxicity associated with NSAID therapy. 5 
